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POLYMERS. THEIR PREPARATION AND USES 
Field of the Invention 

The Invention relatea to polymers for electronic end opHcal appllcationB and the 
synthesis thereof. 

Background of the Invention 

Organic senrticonductore are attractlna increasing attention across a wide rang© of 
applications due to their advantageous elaotranic properties and their procesaablllty. 
Ona dass of opto-eiactrical devices is that using an organic material for light emiselon 
(an ofHanIc llght-emlsslve device or "OLED") or for light absorption for the purpose of 
power generafion or light detection (a photovoltaic device). The basic strudufie of these 
devices is a semiconducting organic layer, sandwiched between a cathode for Injecting 
or accepUng negative charge carriers (electrons) and an anode for Injecting or accepting 
positive charge carriers (holes) Into or from the ofs^hte layer. For example, an OLED Is 
tyidoal^ fabricated on a glass or plastic substrate coated with a transparent first 
electrode such as Indlurrhtin-QXlde ("ITO"). A layer of a thin film of at least one 
electrolurnineacent organic material covers me first elecbode. Finally, a cathode covers 
the layer of eleotrolumlnesoent organic material. The cathode Is typically a metal or alloy 
and may comprise a single layer, such as aluminium, or a plurality of layers such as 
oaldum and aluminium. Other layers can be added to the device, for example to Improve 
charge ir^eotlon from the electrodes to ttie eledrelumlnesoBnt material. For example, a 
hole ir^Jectlon layer such as poly<ethylonB dioxylhlophene) / polystyrene sulfonate 
(PEDOT-PSS) or polyanUine may be provided between tiie anode and the 
eieotroiumlnaBcent material. In a practical device one of the electrodes Is transparent, to 
allow the photons to escape or enter the device. 

in the case of an OLED, holes are Injected Into the highest occupied moiecuiar orbital 
(HOMO) of the eleolrolumineBcenl material and electrons are Injected into Its loweel 
unoccupied molecular ortsltal (LUMO). Holes and elacirons than combine to generate 
exdtons which undergo radiative decay, the wavelength of eirilsslon being at leael 
partially dependant on the HOMO-LUMO bandgap. Organic materlate tor use as light- 
emissive materials Include polymers such as poly(p-phenyIenavinylene) (as disclosed In 

1 



14/66 2004 17:42 FA« +44 0 1223 723542 C.O.I. LiBIlbU 



WO 80/13148). pertyfluorenes and poiyphenylBnes: the dase of materials known as small 
moleeuld materials such as trla-(84iydroxyciuInollnB)alumlnIum (-Alqa") as disclosed In 
US 4.539.6071 and the dasa of materials known as dendrimers as dteclosed In WO 
0W21938. TheBB materials electrolumlnesoB by radiative decay of singlet exoltons (i.e. 
fiuoraseanee) however spin statistics dictate that up to 75% of exdtons are triplet 
exoHons which undeiBO non-radlative decay, l.e. quantum efllolency may be aa low as 
26% for fluorescent OLEDs and so thesB materials or similar materials capable of 
transporting charge may be used ae hosts for dopants eomprielnfl heavy metal 
complexes capable of han/esting triplet exoltone for radiativa decay (phosphoreaoenoe) 
as dlsdosed In. far example, Puts Appl. Cham., 1998, 71. 2095. Materials Science & 
Engineering. R: Reports t2002). R3e(6^). 143-222 and Polymerio Materials Science 
and Engineering (2000). 83. 202-203. 

Polyfluorenes having a repeat unit of formula (A) are dlsdosed In for example. Adv. 
Mater. 2000 12(23) 1737-1750: 




(A) 

wharaln R represents a sotublllaing group such as n-odyl. 

These polymers have Bttracted considerable Interest as elactrolumlneacenl nfWierlate 
because they are eolutiort processable and have good film forming propertlea. 
Furthermofe. these polymers may be made by Yamamoto or SuzmW polymerisation, fbr 
which the appropriate monomera are accessed simply by halogenatlon of fluorene to 
torni a 2.7-dmatelluorena. These polymerisation tedmlques enable poiymertsation of 
fluorene monomers with a wide range of aromatic co-monomers end afford a high 
degitte or centre) over regioregularity of the polymer. Thus, the physical and elsc!«nlo 
properties of polyfluorenes may be tallored±iy-^pK>prlate aeleoUon of monomers. 

Linkage of the fluorene repeat units though the 2- and 7- poslHona te Important fbr 
maximisation of conjugation through the repeat unit 
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A focus in field of PLEDa has bden thft development of fUll colour dlBplaya for which 
red, green and blue electrolumlnesoent polymere are required - see for example 
Synthetic Metate 111-112 (2000). 125-128. To this end. a large body of work hes been 
reported In the development of electnalumlnescent polymere for each of these three 
coloure with red. green and blue emission as defined by PAL standard 1931 CIE co- 
ordinates. 

A difficulty encountered with blue eleetrolumlnescenl polymers to dais is that their 
lifetime (I.e. the time taken for brightness to halve fnm a given starting brightness at 
fixed current) lends to be shorter than that of corresponding red or green materials. One 
of the factors that has been proposed as contributing to the more rapid degradation of 
blue materials Is that thair LUMO levels, and consequenlly the energy level of the 
charged state following Inlectlon of an electron into the LUMO. tend to be less deep (i.e. 
relatively low electron affinity) than those of oonespondlng red of green matariale. it Is 
therefbre possible that materials comprising these lower electron afBnltles are less 
eisctrochemlcally stable and dO more prone to degradatian. 

Per simplicity, a full colour display will preferably have a common cathode material for aB 
three electcxjlumlneaceni materials. Thus, the problem of a large energy gap between 
the UUMO end the workfuncllon of the cathode fbr a typical blue eleotrolumlneaoan! Is 
lilwiy to be exacerbated where a common cathode suitable for red and g^n rvialfiflflla 
is employed. 

A blue elBctrtilumlneBcent material having a higher electron affinity then polyfluorenes or 
a material capable of injeoBng electrons Into blue electroluminescent polymers is 
therefbre desirable, however Increasing the electron affinity of a wide bandgap material 
wlH tend to result in a smaller bandgap thus maldng the material less suitable as a blue 
omIttBr or as an electron transporting material for a blue emitter. 

A further drawback of polyfluorenes is that blue eieotroiumlnescsnt polyfluorenes have a 
tendency to shift over time towerds longer wavelengths. l.o. towards a redder colour of 
emlsaion. This effect la believed to be due to oxidative degradation and aggregation of 
the polymer. 

EP 1316163 disclosea a monomer of Ibimuia (B). and eledrolumlnesoent polymere 
derived therefiom: 



I 
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(B) 



Likewise, JP 2003-208289 dtodddds a monomer of formula (C> and polymers derived 
thereftvm: 




ThB3a disclosures teach formation of the above dlbenzoeilole mononnera either via (a) 
Ihhlatlon of the 2- and 7- positions of the corresponding norv^logenated compound 
followed by halogen exchange, or (b) by the following process: 




In case (a), the alkoxy groups aeivo to direct iHhIallon at the adjacent z- and 7- positions. 
Likewlaa. ease (b) the altoxy groups serve to dli^cl brominatlon In the same way. 
Although these alkoxy groups are slgnlflcanl in monomer synthesis, they are Ulcaly to 
cause repeat unto derived from such monomers to suffer from eteric Interfersnce with 
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adjacent repeat units raaulting in a twist in the polymer backbone and I086 of 
conductivity. Furthermore, the electron donating natuna of these alkoxy groups 
decreases the electron affinity of polymers derived from these monomers. 

A further drawback of polymers derived from monomers (B) and (C) Is that the phenyl 
and methyl groups of these monomer do not afford solubility In common organic solvents 
such as )v1ene. 

It Is therefore an object of the Invention to provide a wide bandgap polymer having 
higher electron affinity than a polyfluorene* I.e. a material capable of blue emission and 
capable of sending as an electron transporting material for other blue and smaller 
bandgap endsslve materials. It Is a further objevt of the Invention to provide suoh a 
polymer that does not suffer from undesirable sterlo effeots; that does not suffer from a 
colour shrfl over ttme; and that Is readily soluble In common organic solvents. It Is a yet 
further object of the Invention to provide a host materteil for luminescent dopents» in 
particular phosphorescent dopants. 

Summary of tha Inventim 

The present Inventors have found a novel class of dibensosUoles that solve the 
aforementioned drawbacks of potyfluorenes. 

Accoixllngly, In a first aspect the Invention provides a polymer comprising an optionally 
substituted first repeat unK of fonnula (1): 




wherein each R Is the same or diffsrsnt and represents H or an electron withdrawing 
group; and each is the seme or differant end represents a substituent 

Preferred electron withdrawing groups are selected from: groups oamprlsing fluorine, 
qyanoi nltro, carbo5qrl. amides, ketones, phosphlnoyi, phosphonates, sulfones and 
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esteia. P^tenBd groups oomprlBing fluorine Include fluorine etoms. fluoroalkyl. 
fluoroaryl and fluoroheterQaiyl. 

other slectmn vrtthdrawing groups R will be apparent to the aWlled person. In particular. 

those substiluents having a positive Hartrtatt digma constant are aultaWa. 

Tha present Inventors have fbund that polymer aoconJlng to the flr«l aspect of the 

invention are high electron affinity, ^^rtde bandgap materials. In contest to the pilor art^ 

polymers according to the Invention do not possess eleotranKtonatlng groups In the 

and 8- posltlone that lessen the eleotron affinity of thadiben^osHde unte. 

,n ortar lo avoid atario Interactions between adjacent «peat unite, tt la pr^fen«d that at 

least one R g«up la hydnigen. Moi* preferably, both R groups ar« hydn^gen. 

Pref&mbly, at least one Is a aolublllaing group. 

preferably, each is the same or different and Is selected fror. th« 9«>"P^'»"^7J' 
optlonallyUst^d C.„elKyl. C..oalKoxy. a^l and hatenoecyl. ^^-J-^^"^' 
Ri IS independently a Cio alkyl. most praferably n-he^l or n^tyl. The optte™al 
substltuents. where present, are preferably eleotron withdrawing groups. In particular 
fluorine. One or more such substltuents may bo provided on aaoh R group. 

P^tembly. the polymer comprises an optionally substituted aryl or heteroaryl second 
repeat unit. 

In a second aspect, tha Invention prwldas a monomer of formula (II): 

R. 



(II) 

wherein R and R' are aa daaoribad In the first aspect of th« Invention and each X Is tha 
same or dWarant and rspreaents a polymerlsable group. 

Preferably, each X la the seme or different and is aalected from the group coriststing of 
^rcXrnups. bon»doestergn«.PS.boranegroupsa^ 
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In a third aspect, the Invention provides a method of forming a polymer comprising the 
step of polymerising the monomer of fomDula (II). 

Preferably, each X Is independently selected from the group ronelsting of boronlc add 
groups, boronlc ester groups and borane groups and hallde functional groups and the 
polymerisation Is perfbmned In the presence of a transition metal catalyst 

In one preferred embodiment of the third aspect, each X Is the same or different and is a 
halldfi ftjnctlonai group, and the polymerisation la performed In the presanca of a nlokel 
complex oatalyet. 

In another prefemd embodiment of the third aspect, tiie method comprises 
polymerising: 

(a) a monomer of formula (II) wherein each X Is the same or diffsrent end Is a boron 
derivative functional group selected from a bananic acid, a boronio ester and a 
borane, and an aromatic monomer having at least two rsacllve hallde functional 
groups; or 

<b) a monomer of formula <I1) wherein each X Is the same or different and Is a 
reactive hallde functional group, and en aromatic monomer having at least two 
boron derivative llunctlonal group aelacted from a boronlc add. d boronic estar 
and a borane; or 

(c) a monomer of formula (11) wharein one X Is a reactive hallde functional group and 
the other X is a boron derivative fUndJonai group selected from a l>eronlo acid, a 
borx)rtlo ester and a borane, 

wherein the reaction mixture comprJsee a catalytic amount of a palladium catalyst 
suitable for catalysing the polymerisation of the arcmatio monomers, end e base In an 
amount suffloimt to convert the boron derivative fUnoUonai groups into boronate anionic 
groups. 

in a fourth aspect, the Invention provides an optical device comprising a polymer 
according to the first aspect of the invention. 

Preferably, the optical device comprises en anode, e cathode and a layer of the polymer 
according to the first aspect of the Invention looated between the anode end the 
cathode* 
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Prefarably, the optica! device is an electroluminescent device. 

In a fifth aspect, the Invention pmvidee a switching device oomprisine a polymer 

according to the flret aspect of the Invention. 

Preferably, the switching device Is a thin film transistor. 

The present Inventors have found that monomers of fbmiula (II) may be fomied firom a 
Class of key Intermediates that do not require the preeanee of ortho^lrecting groups. 

Accordingly, in a eixtti aspact the invention provides an optionally substituted compound 
of formula (IV): 



(IV) 

Wherein each and each X» la the same or different and represents a leaving gncup 
capable of parttdpaBng In a transmetallatlon reaction and has an electronegativity 
less than that of X\ 

Preferably, both X^ g«>ups are ihe same and both groups are the same. Where *a 
two groups X^ and / or the two groups X» are different. It will be appreolated that *e 
electronegativity of the least electronegative X- group ahall be greater than the 
electronegativity of the most electronegative ^ gn>up. 

Preferably, each X' and X» is independently a halogen. K4cre preferably. and >^ are 
selected from b.x,mlne. chlorine and iodine, f^ost preferably. Is bromine and 7^ Is 
Iodine. 

me compound of formula (IV) serves as an intermediate io a variety of monomere 
including but not limited to dlbenzoslloies. 

Accordingly. In a seventh aspect the invention provides a method of femiing a monomer 
of fbnnula (VI) from a compound of famiula (V) accordlnB to the toWowIng echeme: 
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R 




(V) <^'> 
wherein the method comprtses reacHng the compound of fomu\d (V) with a 
transmetallatlng agent followed by reaction with a compound of tbimula LG-Y-LO. 
wherein and R are as defined In the sixth aspect of the invention; each X' is the same 
or different and repreeenls a leaving group capable of participating In a tranantetallatlon 
having an eieclionegativily less than or the same as that of X's Y represenis a divalent 
residue comprlalng a baokbone of 1^ atoma: and each LO Is the same or difterant and 
reprasentB a leaving group. 

By "transmetallatlng agent» le meant a compound capable of rBacting wHh the C^" bond 
of the compound of fofmula (IV) to transform it Into a caibon-metal bond. 

Preferably. Y oompriaes a single atom In Its backbone ssleotBd from the group 
conalating of -CR',-, -SiRV. -NR»-. -PR'-. -QeRV. -SnRV. O and S. wherein is 
selected from the group consisting of optionally substituted alkyl. alkoxy. aiyl ^and 
heteroaryl. More preferably. Y ie selected from the group consisting of -CRV, -SIRV. ■ 
NR»-. -PR3-. -QeRV, -SnRV. O and S. Preferably, each is the same or dlfPafBiil and 
Is a Ci^oaikyl. 

Prafei^ly. each LG Is the same or different and la a halogen, more preferably chlorine, 
bromine or iodine. 

Preferably, tha transmetallatlng agent Is a compound of formula R'-M wherein le alkyl 
or aryi and M IS a metal. Preferably. M is Hthlum. Preferably. R' Is Cm alkyl or phenyl. 

AS outlined above, linkage of dlbanzosllole repeat unite according to tha Im«ntlon 
through their 2- and 7- positions maximises conjugation of polymer chains comprising 
these repeat units. However, the present inventors have found that non-2,7rBnked 
dibenzoslloles possess a wider bandgap than corresponding 2.7^lnHed dlbenzoalloleB 
and at tha same time retain a desirable high eieotron affinity. Moreover. non.2.7-llnkad 
dibanzosilolas have been found to possess a higher triplet eneiw level than 
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corresponding 2.7-IInlrad dltonzosnoles and as such may serve as th« host material for 
a wider range of fluoresoent or phosphorescent dopants. 

Accordingly, In an eighth aspect the Invention provides a polymer comprising an 
optionally substituted firat repaat unit cf forniula (Vll): 



wherein each the same or different and represente a substltuent; the groups 
may be linked to form a ring; and bond (a) is not linked to the 2-p08lUon of the repeat 
unit of formula (Vll). 

Bond (b) may or may not be bound to the 7-poaltlon of the repeat unit of fonnula (Vil), 
however In a prefened ambodimant bond (b) la no* bound to the T-poalUon of the repeat 
unit of formula (Vll)' 

Prafbrebly, bond (a) Is bound to ttie S-posltion of the repaat unit of formida (VII). 
Prafbrably, bond (b) Is bound to the e-posltlm of the repeat unit of formula (Vll). 
Preferably, at least one R' Is a aolubillsing group. 

Preferably, each la the same or diffarant and Is solBated from the group consisting of 
optlonrfly substituted Ci^a alkyi, C,«,alta»(y, aiyi and heteroaryl. More preferably, each 
R' Is Independently a C^-ioalkyl, moat preferably n-hejtyl or npoctyi. 

Preferably, the polymer comprlaee an optionally substitutBd aiyl or heteroaryl second 
repeat unit. 



In a ninth aspect the invention pnjvldes an optlonaliy subsffiuted monomer of fonnula 

(Vlll): 




(VII) 
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(VIII) 



Wherein each Is as deHned in tha eighth aspect of the Invention; each X Is as defined 
in the second aspect of the invention and at least one X Is not linked to the 2«po8ltlon of 
the repeat unit of formula (Vlll). 

The monomer of fomnula (Vlll) may be polymerised In aocordanoe with tto method 
described In thd third aspect of the Invenflon. 

The present inventors have found that polymers oompdeing dibenzosllole repeat units 
function very effactivety as host materials for luminescent dop>ant8. 

Accordlnglyp in a tenth aspect the Invention provides an electroluminescent device 
comprising an anode, a cathode and an electroiumlnesoent layer located between the 
anode and cathode wherein the electroluminescent layer comprises a polymeric host 
material comprising an optionally substituted first repeat unit of fomnula (iX) and a 
luminescent dopant 



(IX) 

wherein R** is as described in the first aspect of the Invention. 

Preferably, the repeat unit of formula (IX) ie linked through its 3- and 6- positions. 

Preferably, the polymer comprises a second repeat unit. Preferably, the second repeat 
unit comprlBas a hole transporting matsriai. More preferably, the second repeat unit !s a 
cartazole. more preferably a 3,6-lir^ked carbazole. 
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The lumineacent dopant may be phosphorescent or fluomscent. Preferably, the 
luminescent dopant Is pho^hoiBBcanL 

Preferably, the repeat unit of fbrmula (IX) le uneubstltuted.Readlon of dibenzosiloles 
with organolithlum reagents is disclosed In J. OrBanomet. Chem.. 1983, 250. 109-119 
in particular, tienaalkylatton of 1-mathyM-(Wmethylsllyl)- and 1-meihyl-1-(trimethylsllyi)- 
dlbenzosHole with methylltthlum, butyllllhlum and phenyllithium Is disclosed. Angew. 
Chem. Int EA. 1988. 35, 1127-1128 Indicates that such reactions proceed via a 
pentaeo-ordlnate Intennedlata. 

The dibanzoailoles disclosed In this prior art do not carry any reactive flroupe other than 
at the silicon atom of the dibenzosllole where transalkylatlon tates place. The present 
inventors have surprisingly ibund thai the substltuento canled at the ellloon atom of 
dibenzosiloles may selectively be changed. e.g. by transalkylatten, even when reaeUve 
substltuents am present elsewhere on the dibenzosllole. 

Accomingly. in an eleventh aspect the Invention provides a method of feimlng an 
optionally substituted compound oflbrmula 00 according Id the following proceas: 

or 





(X) 

wherein each R» la Independently selected from the group consisting of C.aa allcyl and 
aryl: each Is different frort* R» and Is Independently selected from the group consisting 
of Ci.»alkyl. eryl and heteroarylj to a metal: and Z Is a reactive group capable of 
undergoing reaction with M'-R®. 

Praferably, is lithium. 

Preferably, Ib methyl. 

Preferably, Z Is trfalMsHyl. more preferably trimethylsllyi. 
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In case of reaction with M^-R^ the two groups R'' are not linked to fonn a ring. Preferred 
groups R" In this case are Ca^ alkyl. 

In case of reaction with M'-R*-R^-M^ the two groups R'^ are (Inked to fbmi a ring. In this 
eaee, prafsrnad groups R"-R" are C«o alkylene or opHonaUy substituted blaryl or bl- 
heteroaiyl, in parfiouler biphenyi. 

A particularly preferred compound of fonnula M'-R^-R'-M' has the structure shovm 
below, which may optionally be substituted: 



Brief DBseri|»tion of the Drawings 

The present Invention will now be described in ftirther detoH, by way of example only, 
with reference to the aeoompanying dravnngs in Which: 

RGURE 1 shows a prior art electroluminescent device 

FIGURE 2(a) shows a plot of photolumlnescent wavelength over time for a prior art 
polyfluorene 

FIGURE 2(b) shows a plot of photoluminescent wavelength over time fer a oo-polymar 
according to 0ie invention 

FIGURE 2(c} Bhovra a plot of photoluminescent wavelength over time for a hornqpolyrner 
aeconling to the Invention 

FIGURE 3 shows a plot of eleotroiumineacent wavelength for polymers according to the 
invention as compared to a prior art polyfluorene 
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Datallad Descriptien Of the Inventton 

A polymer according to the prerant Invention may oomprlse a homopolymer or 
oopolymers (including terpolymere or higher order polymers), 

Copolymers aoconling to the present Invention Include regular alternating, random end 
block polymers where the percentage of eaoh monomer used to prepare the polymer 
may vary. 

Preferred co-repeat units include triarylamlnes. arylenee end heteroarylenes. 

Examples of arylene repeat units are iluoMne, particularly 2.7-llnked d.d dialkyi fluorene 
or 2,7-linieed 9,9 dlar^ fluorene: eplroftuorene euch aa 2.7-linl(ed 9.8-eplrafluorene: 
indenofluorene such as a 2,7-llnked (ndenofluorene: or phenyl such as alkyl or altoxy 
substltutsd 1/i-phenylene. Each of these groups may optionally be eubstltuted. 

ParQcularty prefen-ad triaiyiamlne repeat unite derived from triarylendne monomers 
include unlta of formulae 1-8; 



14 



II4/WO tf.t^o +aa O 1223 723542 C.O.T. LIUITEO ©018/047 




6 



A and B may be the earns or different and ere subQtltuent groups. It Is prefen«d that 
one or both of A and B le Independently selected from the group conaiating of alKyl, arylp 
perfluoroalkyl, thioalkyi, oyano. alko}<y, heteroaryi» alKyiaryl and arylalkyi groupa. One or 
more of A and B also may be hydrogen. It ia preferred that one or mora of A and B is 
Independently an unsubstituted, Isobu^l group, an n-€ilkyl. an n-alkoxy or a 
trifluoromethyl group bacauae they are suitable for helping to aalecl the HOMO level 
and/or for improving eolublllty of the polymeTr 

ParHcularly prefemad heteroaryl repeat unite Include unite of fonnulae 7-21: 




7 
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wherein Ra and Rr are the same or dlfferani and are each Independently hydrogen or a 
substltuent group, preferably alkyl. aryl. pernuoroalkyl. thioalkyl. cyano. alkojv. 
hetemary.. alkylaryl or arylalkyi. For ease of manufacture. Re and R. a« p.«terably the 
eame. More preferabty. ihay are the same and are each a phenyl group. 




pa 






10 




CeHi7 CaHi7 
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Further Bultable Ar groups are known In this art, for ewmple as dlsdossd In WO 
M/SBS27 and WO 00/46321 . tfw corttenlfi of which are hcorporated herein by reference. 

For ease of proceeslng. It Is preferred that the polymer Is sduWe. Subetltuents audi as 
Cvio alkyi or Cmo elkoxy may usefUlly be selected to oo«fer on the polymer solubility m a 
particular solvent system. Typical solvents Inolude mono- or poly^aled benzenes 
such as toluene and )cylene or tetrahydmftiran. Techniques for solution deposttlon of 
the polymer according to the Imrentlon Include inRlet printing as disclosed In EP 
0880303. spln<»atlng. dlp^aHng. doctor blade coating and screen printing. 

The polymer according to the Invention may carry croBS^IIntebl^ groups such as 
oxetanes. azldes. Boiylatea. vinyl and ethynyl groups In order that the polymer may be 
deposited in a soluble form follovwd by crosa-llnWng to render the polymer Insoluble, 
cross-linking may be achieved through thermal treatment or exposure of the polymer to 
radiation. In particular UV radiation. Cressmnidng may be employed to allow deposition 
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Of multiple layers from solution as dl&olosed In WO 96/20253. Alternatively, photo- 
Initiated cross-llnldng may be used by e^cpoeure of a polymer layer thnough a mask to 
form a pattern of Insoluble material from which unexposed, soluble polymer may be 
removed by solvent treatment as disclosed In Nature 421 , 628-833. 2003. 

Two polymerisation techniques that are partlculariy amenable to preparation of 
co!>iugated polymers from aromatio monomers audi as dlbenzoellole monomers 
according to the Invention are Suzuki polymerisation as disclosed In, for example* WO 
00/63668 and Yamamoto polymerisation as disclosed !n. for example, 
«M9CfX>molecules^ 31, 1099-1103 (1998). Suzuki polymertsatlQn entails the coupling of 
hallde and boron derivative functional groups: Yamamoto polymerldetlon entails the 
coupling of halide functional groups. Accordingly, It is preferred that each monomer Is 
provided with two raaottve functional groups wherein each functional group is 
independently selected from the group consisting of (a) boron derivative functional 
groups eelected from boronlo acid groups, boronic aster groups and borane groups and 
(b) hallde functional groups. 

The transmetallatlng agents used to prepare monomers of the Invention include alkyl- 
and aryUIilhlum compounds such as methytUthlum, n-butylilthium, t-butylllthium, 
phenyllithium and lithium di-lsopropyl amine. 

Examples of monomers of formula (VI) prepereble according to the mettiod of the 
Invention Include the fbllowing: 
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With rsfarancs to Figure 1, the standard architecture of an optical device according to 
the Invention, In particular an eledrolumlneacant device, comprisea a transparent glass 
or plasHo substrate 1, an anode of Indium Bn oxide 2 and a cathode 4. The polymer 
according to the Invention is located In layer 3 between anode 2 and cathode 4. Layer 3 
may comprise the polymer according to the inventiGn alone or a plui^llty of polymers. 
Where a plurality of polymers are deposited, they may comprise a blend of at leest two 
of a hole transporting polymer, dn electron trensporting polymer and. where the device Is 
a PLED, an emissive polymer as disclosed In WO 99/48180. Altematlvely. layer 3 may 
be formed from a sinsle polymer that comprises regions selected from two or more of 
hole transporting regions, electron transporting rsglons and emieelva regions as 
disclosed In, for example, WO 00/55927 and US 63530B3. Each of the functions of hole 
transport, eiectren transport and emission may be provided by separate polymers or 
separate regions of a single polymer. Alternatively, more than one function may be 
performed by a single region or polymer. In psrtlcular, a single polymer or region may 
be capable of both charge transport and emission* Each region may comprise a single 
repeat unit, e.g. a triarylamlne repeat unit may be a hole transportir^ region. 
Alternatively, each region may be a chain of repeat units, such as a chain of polyHuorene 
or dlbenzosllole unite as an electron transporUng region. The different reglcms within 
such a polymer may be provided along the polymer backbone, as per US 8353083, or as 
groups pendant from the polymer backbone as per WQ 01/62860. 

In addition to layer 3, a separate hole transporting layar and / or an electron transporting 
layer mey be provided. 

The polymers according to the invention may be used as the host for a fluorescent 
dopant as disclosed In, for example. J. Appl. Phys. 85, 3810. 1S89 or as the host fbr a 
phosphorescent dopant as disposed In. for example. Nature (London). 1 998. 396. 1 51 . 

Preferred metal complexes comprise optionally substituted complexes of formula (V): 

(V) 
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wharain M' is a mefal: each of U. and L» is a coordinating group; q to an integar, r and 
s are eaoh IndependenUy 0 or an Integer, and the sum of (a. q) ♦ (b. r) * (ca) is equal to 
the number of coordination aitea available on M. wherein a la the number of coordination 
sites on L\ b 18 the number of coordination sites on L"^ and o is the number of 
coardlnation sites on L^. 

Heavy elements Minduoe Strong spm^rblt coupling to allow rapid Intersystem crossing 
and emiselon from triplet states (phosphorescence). Suitable heavy metals M include: 
- lanthanide metals such as cerium, samarium, europium, teitlum. dysprosium, 
thulium, erbium and neodymlum: and 

. d.block malala. in particular those In ,o«s 2 and 3 i.e. elements 39 to 48 and 72 
ID BO. in parlioular ruthenium, rhodium, palladium, rhenium, osmium, iridium, 
(riatinum and gold. 

suitable coordinating g««ips fbr the Unlock metals Include o^t^ or nitrogen donor 
systems such as carbo>vllc adds. 1.3-diketonates. hydroxy oarboxyllo acids. 
Schlff bases Induding acyl phenols and Iminoaoyl groupe. As la kr^own. 
,lan«e metal complexes rec,ul«,ensil^.nggroup(3)whlc:h have 

energy level higher than the flret excited state of the metal ion. Emission is f^m an f-f 
t^nsltlon Of the metal and so the emission cdouris determined by the cholceof^^^ 

metal. The eharp emission le generally nam=w. ^suiting in a pu« colour emission useful 

for display applications. 

n porphyrin or DMintati llgwdt «f Mmwla W- 

(VI) 

wherein Ar^ and Ar^ may be the same or different and ^ Independently selected nom 
Xlirsub^tuteda^orheteroaryl;Z^a^ 



22 



14/06 2004 17:48 FA» +44 0 1223 723542 



C.D.T. LIHITEO 



@ 026/047 




irkdepdndently selected from carfaan or nitrDgan; and Ar^ and Ar^ may be fused together. 
Ligands wherein is carbon and Is nitrogen are partleularly prefened. 

Examples of bidentate ligands are Illustrated below: 



Each of Ar** and Ar^ may carry one or more subetltuente. ParficulBriy preferred 
substltuenis Include fluorine or frifluoromethyl which may be ueed to blue^hHt the 
emission of the complex as disclosed in WO 02/45466. WO 02/44189. US 2002-117662 
and US 2002-182441; allcyl or allcoxy groups as disclosed In JP 2002-324679: carbazoie 
which may be used to assist hole transport to the compl6)( when used as an emissive 
material as disclosed in WO 02/81448; bromine, chlorine Of iodine which can serve to 
furtoUonallse the ilgand for attachment of further groups as disclosed in WO 02/68435 
and EP 1246659; and dendrons which may be used to obtain or enhance solution 
processablltty of the metal complex as disclosed in WO 02/66S52. 

Other ligands suitable for use with d-blook elemente Include diKetonetas, in particular 
aoetylacetonate (acac); triaryiphosphlnes and pyridine, eaoh of which may be 
substituted. 

Main group metal complexes show Ilgand based, or charge transfer emission. For these 
complexes, the emission colour is determined by the ch<4ce of Ilgand as well as the 
metal. A wide range of fluorescent low molecular weight metal complSKes are known 
and have been demonstrated In organic light emitting devices [see, e. g., Macromol. 
Sym. 125 (1997) 1-48. U8-A 6,160.006, US-A 6.083,634 and US-A 5.432,0141, in 
particular tri5-(8-hyditi5Qrqulnolln6)alum)nlum. Suitable Ugands for dl or trlvaient metals 
Include: oxinolds. e. g. with oxygen-nl&ogen or oxygen-oxygen donating atoms, 
generally a ring nitrogen atom with a subdtituent oxygen atom, or a substltuent nitrogen 
atom or oxygen atom with a substituent oxygen atom such as S-hydroxyqulnolate and 
hydroxyqulnoxallnol-10-hydroxybenzo (h) quinollnato (ll)» benzazoles (ill), Schlff bases. 
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azoindolas. chromonft derivatives, 3-hyclroxyflavone, and carboxylic adds euch as 
aallcyiato ammo cartuwylates and ester cartjwylatea. Optional substituents Include 
halogen, alkyl, alkoxy. haloalkyi, cyano. amino, amfdo, euifonyl. cartjonyl. aiyl or 
hetaiwaryl on VM (hetero) aromaHc rings which may modMy the emission colour. 

The metal complex may be Incorporated Into the host polymer of the Invention, either ee 
a substltuent on the main Chain of the polymer or Incorporated Into the main chain of the 
polymer, aa disclosed In. tor example. EP 1246959. WO 02«18ge. WO 03M8B53 and 
WO 03/22908. \n this caso, the polymer may provide the ftjncllons of emisdon and at 
least one of tiole transport and electron transport. 

The host polymer of the Invention may be e homopolymer or a copoiymer. In the case of 
copolymers, suitable co-repeat units Include carbarolas, such as 2,7-ynl«ed carbazole 
repeat units. Alternatively, 3,6-linked oarbazoie repeat units as disclosed In J. Am. 
Chem. Soc. 2004, 128, 6035-8042 may also be ueed. 

It is reported In J. Am. Chem. Soc. 2004. 126. 6035-6042 that shorter poly 
paraphenylene chains within the host backbone incrBases the triplet energy level of the 
host. It will therefore be appreciated that the highest triplet energy level for copolymers 
comprising a repeat unit according to the Invention Is achieved using a 3,6-ilnhed 
carbazole repeat unit and a 3.B-llnked dlbenzosUoie repeat unit aeoordlng to the eighth 
aspect of the Invention. Similarly, see -Carbazole Compounds as Host Materials for 
Triplet Emitters In Organic Light Emitting Diodes: Polymer Hosts for High EfTlclency Light 
Emitting Dloderf* Addy van DUken. Jolanda J. A. M. Bastlaaneen. Nicole M. M. Kiggen, 
Baa M. W. Langeveld, Carsten Rothe, Andy iWonkman. ingrid Baoh. Phllipp StaBsal, and 
Klemens Brunner. J. Am. Chem. Soc a$aP ArtlclBs. Web Release Dete: 2e-May-2004. 

Other suitable co-repeat units for host co-polymers aoooixling to the Invention include 
irtaiyiamlna repeat unite Of fomnulae 1-S described above. 

Although not essential, a layer of organic hole inlectton material (not shovi/n) betiweenthe 
anode 2 and the polymer layer 3 Is desirable because it aselste hole injection firom the 
anode into the layer or layers of semkxsndueting polymer. Examples of oraanic hole 
Injection materiate Include poly(ethylene dioxylhlophene) (PEDT / PSS) as disclosed in 
EP 0901176 end EP 0647123, or poiyanlllne as disdosed In US 6723673 and US 
5^8170. 
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Cathode 4 is ddtected firom materials that have a workHmction allowing Injection of 
electrons into the electroluminescent layer. Other factors Influence the selectiDn of the 
cathode such as the possibility of the adverse Interectiond iMtween the cethode and the 
electroluminescent materlaL The cathode may consist of a single material such as a 
layer of aluminium. Alternatively, it may comprise a plurality of metals, for exampie a 
bliayer of calcium and aluminium as disclosed in WO 98/10821, elemental baiium 
disclosed in WO 08/67381, Appl. Phys. Lett- 2002, 81(4), 634 and WO 02/84759 or a 
thin layer of dielecdJic material to assist electron injection, for example lithium fluoride 
disclosed In WO 00/4B2B8 or barium fluoride, disclosed in Appl. Phys. Lett. 2001, 79(5), 
2001.. 

A typical eleotrolumlnesoent device comprises an anode having a workfunotlon of 4.8 
eV. Accordingly, the HOMO level of the hole transporting region Is preferably around 
4.8-5.5 eV. Similarly, the cathode of a typical device will have a worltfunctlon of around 3 
eVp Accordingly, the LUMO level of the electron transporting region is preferably around 
3-3.5 eV. 

The polymers according to the Invention may also be used In current switching devices 
for an Integrated circuit as disclosed In, for exampie, WO 99/54936. In particular, the 
polymer may be a component of a field effect transistor comprising an insulator with a 
gate electrode located on one side of the insulaton a polymer according to the invention 
located on the other side of the Insulaton and a drain electrode and a source electrode 
looatBd on the polymer. 

Electroluminescent devices may be monochrome devices or full colour devices (Le. 
formed from red, green and blue electroluminescent materials). 

Examples 

A) 2,7-llnked dlbenzesllote monemers and repeat units 

Monomeir Examoie 

Monomsra 1 and 2 according to the second aspect of the invention waa synthesised 
according to the following reaction scheme, 



25 



14/Oe 2004 17:47 FAX ■••44 0 1223 r23aa;j u.u.i. i.i.«iicu 



Bi 



O2N 




Monomer 1 Monomer 2 

a) cu. DMF. 12B "C. a h. 7fi %; b) Sn. HCI, EtOH. 110 'C. 2 h. 72 %; c) (i) NaNO,. HCI. 
0 -C. 1 h 01) Kl. -10 to 60 'C 2 h. 15 %; d) (i) i-BuLi. THF. -90 to -78 "C, 2 h (H) Sl(n. 
hwcylfeCaa, 24 h. 52 e) (I) frBuU. diethyl ether. -78 1 h (II) 2-lBoprDpoxb^4.4'.5.5'. 
tBtramethyl-1,3,Z-dloxabQralan©, room temperature, 24 h. 74 %. 

4,4'-DIbrome-2,2'-dlnltro-blpheiiyl 




Reter«noe: R. G. R. Bacon and S. Q. Pande. J. Cbem. Soa., 1970. 1687. 
To a aolutlon of 2.Mibroinonltrobenz8ne (50.0 g. 179 mmol) in DMF (200 cm ) was 
added copper powder (27.0 g. 424 rnmol) and the reaction mixture heated to 125 -C. 
After 3 h, the mixture was allowed to cool to room temperature end then treated with 
toluene (200 cm^). The insoluble Inorganio ealte wera ramcvad by filtration through cellte 
and the filtrate was evaporated to drynese. The cryda materbl was vigorously waahad 
With methanol (500 cm^) and redlssolved In toluene <200om"). The remaining Inorgan c 
aalta were again removed by ffltratlon through callte. and the flitrata was evaporated to 
yield the titie compound (27.1 e. 75 %) as yellow cryatala (Found; C. 3S.8; H, 1 .B; N. fl.7. 
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Ci2HBBr2N204 requires C. 36.9: H. 1.5: N. 7.0 %); v„m I om'' (Neat eolld) 730, 829, 1004, 
1103, 1344. 1526; Sn(aOQ MHz, CDCis) 7.16 (2H, d, J 8.2. ArH), 7.8B (2H. dd. J 8.2. 2.0. 
ArH), 8.39 (2H, d. J 2.0. ArH); 8c<100 MHz, CDCIg) 122.9. 128.1, 131.9. 132.0. 136.6, 
147.4. 

4,4'-Dlbroiiio-blphenyl-2,2''dIamlno 



Referenoe: D. A. Patrick, O. W. BoyMn. W. D. Wllaon. F. A. Tanlous. J. Spyohala. B. 
B,C,. H. J.E., D. C.C.. O. K.A., and R. R.R., Eur. J. Mad. Chem., 1997. 32. 781. 

To a solution of 4.4'-Dibronio-2,2'-dlnllro-blphenyJ (15.0 g, 37.3 mmol) In athanol (abs., 
186 cm*) was added 32 % w/w aqueous HCI (124 om*). Tin powder (17.6 g, 147 mmol) 
was added portlon^as over 10 minutes and the reaction mixture was heated to reflux at 
100 ^ for 2 hours. After cooling, the mixture waa poured into ice water (ca. 400 cm^ 
and then baaifled with 20% vWW aqueous NaOH solution (160 cm^). The produot wae 
extracted with diethyl ether and the organic layer washed wHh brine, dried over 
anhydrous rulgS04 and evaporated to drynees. Purification by recrystalllsatlon from 
ethanoi afforded the title compound (9.2 g, 72 %) as light brown crystals (Found; C, 
42.1; H. 3.0; N. 8.0. CwHioBrjNa requires C. 42.2; H, 3.0; N 8.2 %); I em'' (Neat 
solid) 792. 994. 1405, 1477, 1608, 3210. 3367, 3443; 8m(400 IVlHz, CDCI3) 6.92 (6H, a, 
ArW), 3.78 (4H. brs, NHa); 6c(100 MHz. CDCI3) 118.1, 121.7. 122.0, 122.7. 132.2. 145.4; 
m/z (ES) 340.9283 ([M-t-H)"^. CiaHuBfaNz requires 340.9264), 343.1 (100 %), 283.1 (60), 
18S.1 (25). 

4,4'-Dlbroino4,2'-dllede-blphenyl 
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4,4'-Dlbromo^blpheny|.2,2'.dIanilne (6.0 g. 14.6 mmol) was suspended In 16 % w/w 
aqueous. HCI (16 om^) at 0 -C. Sodium nitrite (2.2 g, 31.9 mmoi) was added d«pwlse 
whiisl malntaming the tamparatura at 0 'C. After a further 60 minutes of stlrrtng at 0^ 
Kl solution (5.0 g, 30.1 mmol In 8 cm> H,0) was added dn>pwlse to the reachon m^re 
at -10 The reaction mixture was allowed to warm to room temperature, and then to 
50 "C for 2 h. The cmde reaction mbrtufe was allowed to cool to room temperature and 
then baslfled wHh 10 % w/W aqueous NaOH (00 cm»). The product was ejected into 
diethyl ether and the organic layer washed with brine, dried with anhydrous MgSO. and 
evaporated. Purffleatlon by column chromatography (hexane) yielded the title compound 
(1 45 g, 16 %) as an ofNrtilte solid (Found: C. 25.6: H. 1 .0, C«H.BrJ. requires C. 25.6i 
H." 1.1 mp 89 oc; / cm"^ (Neat solid) 710. 817. 993, 1086 1446^ 1565: 6„(400 
MH*. CDCW 7.03 (2H. d. J 6.2, ArH). 7.55 (2H, dd. J 6.2 1.9. ArH). 6.06 (2H. d. J 1^. 
ArH)i 6n(100 MHz. CDCU) 99.8. 122.6. 130.7. 131.4. 141.0. 146.8. 
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2,7'Dlliromo-0,Q'-dlhexyl-aM«-dlbenzosllolBdibenzQsllole 




f-Butyllithlum (6.26 om^ 10.6 mmolp 1,7 M in Pentend) was added over 2 h te a solution 
of 4,4'idlbromo-2,2'-dllodo-blphenyl (1.S g, 2.66 mmol) in dry THF (30cn^) at -90 
under nitrogen atmosphare. The mixture was stirred for a further 1 h at -90 "C. 
Dichlorodihexylsllane was subsequently added and the mixture was stirred at raom 
temperature overnight. The reaction was quenched with distilled water, and tlie THP was 
removed by vacuum. The product was ^sn extracted Into diethyl ether and the organic 
layer washed with brine, dried wHh anhydwus MgSQi and evaporated. Purification by 
ooiumn Qhromatography (hexane) yielded the title compound (0.7 g. 62 %) aa a 
eolouriasa oil; vht« / em-^ (Neat liquid) 720, 813, 1001. 1072. 1384. 2855. 2923. 2966: 
fiH(600 MHz, CDCis) 0.84^.97 (10H, m, CHa+CHj). 1.22-1.38 (18H. m. CHi), 7.55 (2H, 
dd. J 8.3 2A ArH). 7.64 (2H, d. J 8.3. ArW), 7.70 (2H, d, J 2.0. ArH): 8o(100 MHz. CDCls) 
12.0. 14,0. 22.6. 23.7. 31.3, 32.9, 122.2. 122.6, 133.0, 140.4. 146.0; fisKlOO A/lHz. 
C0Cla)4.1. 
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2J-bte(4.4.5.S-tetrtiTtiethyl-1.35-dlcixaborolane-2-yl)-e,9-tlIh©xyl-aH4. 
dlbrnnesilelddlbanzoftllole 




f^utyllithhim (1.19 cin». 2.02 mmpl. 1.7 M In Pentane) was added over 30 minutes to a 
solution of 2.7.dlbromo.9.9'^lhexyl.9H.9<Jlbenzosllole (0.26 g. 0.49 mmol) In dry THF {3 
cm»> at -78 "C under nitrogen atmoaphere. The mixture was stirred for a further 1 h at - 
78 oc 2-lsopropoxy-4,4'.6,5'.tetramethy|.1,3.Z-dioxabcraIane (0.28 cm». 2.02 mmol) was 
then added dropwise to the mixture and stirring continued overnight at room 
temperature. The reaction was quenched with diauned water, and the THF waa removed 

by vacuum. The pmduct was then extracted Into diethyl ether and the onganlc layer 
«ashed with brine, dried with anhydmus MgSO, and evaporated. Purification by column 

chromaloaraphy (hexane) using flortsll yielded the title compound (0.22 g. 74 %) as a 
v«hlte solid (Found: C 71 .2; H. fi.B. CBsH«Pr.O.SI r«qui«s C. 71 .8; H. 9.4 %); / cm 

(Neat liquid) 1093. 1143. 1346. 1597. 2922; 8c(100 MHz, CDCW 12.3. 14.1. 22.6. 23.8. 

24 9 31 A 33.0, 83.7. 120.6. 138.8. 137.S, 139.7. 151.0; 66,(100 MHs:. CDCla) 3.2. 

^tonomera acconling to the second aspect of the invention may ^ 

prepared according to the process set out below wherein the Intermediate compound 

2.2'^lbromo.4.4'-dKtrimethylallyl>1.r-blphenyl is firstly prepared aooordlrtg to the 

reaction scheme shown below: 
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The monomer acxsOTding to the seoond aspect of the Invention may be derived from this 
biphenyl intermediate by one of two routes: 
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(l)t"ByU THF. 
-78 "C. 2 h 

OI)8IMB2Ci2,24l^ 



Route B 




(i) t-BuU, THF» 
-30to.78 *C.2h 

(ii) filHexaCt, sa^ 

RaiilaA 



n-HexU, THF 
r.t. 30 rnlns 






t-BuLI. CHa(CH2)ioli THF H3C(H2C]|jo ^(CH2)ioCH$ 

-78*'C,6nnlns. 
r,l., 30 mine 

62% 

Surprisingly, It Is possible to perfbrm eeleotlve transalkylation of the dinnethyfallyl group 
obtained through Route B above without affecting the trimethylsilyl end groups. 
This aDows for a wide number of subslituants to be formed on the silicon atom, fcr 
example hexyl and undeoyi as Illustrated In the above solieme. 

Polymer examples 

PQlvmerexamplQ 1: A homopolymer according to the first aspect of the invention was 
prepared by SuzuW poiymerlsatlon of IVlonomer 1 and Monomer 2 followed by end- 
capping with bromobenzene and phenylboronlc add according to the following scheme 

to afford dlbenzosliole polymer PSB: 
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Monomer 1 Monomor 2 



Pd(0Ac)2, P(Cy)3, 
Et4N0H, Toluene 



?6% 




Polymer PS6 



To a dried Schlenktube was added 2,7-dlbrorino»8,9-dihexyl-9H-9- dlbonzosllole (84 mg, 
0.17 nnmol, 1.0 equlv.). 2 J-bls(4,4.6,5-tetramethyl-1)3|2-dloxaborx>lane-2*y[>9H,9- 
dihexyldlbenzoeilole (1 00 mg, 0.1 7 mmol. 1 .0 equlv.)p pallad!unn(ll) acetate (1 .0 mgi 45 
fimol. 2.7 %) and tricyclohexylphosphlne (5 mg, 176 jL/moi, 10.7 %) under nitrogen 
atmosphere, Dry toluene (2.5 on^^) wes added and tha mixture was stirred at 90 for 5 
mln. 20% w/w Tetraethylammonium hydroxide aqueous sofution (1.0 cm^) was then 
added. The mixture was atlrred for a further 2 h. To the mixture waa then added 
phenylboronic add (20.3 mg, 17 mmol, 1 .0 equiv.}, and after etlrring for 1 
bromobenzene (26.1 mg, 17 mmol, 1.0 equlv.) was added. After stirring for a further 1 h, 
the mixture was cooled to room temperature and poured into stirring methanol (30 cm^). 
The precipitate was dissolved In toluene (10 on^ and repneclpltated in stirring methanol 
(60 om^). The precipitated product was filtered and then dried In vacuo to yield the title 
compound (90 mg, 7B %) as a pate grayish green solid, GPC assay in CHC)^ vs. narrow 
polystyrene standards revealed Mw - 8.7 x 10*. M„ = 1 .4 x IC, Wp = 1.0 x 10^ PDI « 
7-41; Vffltx / cm-^ (Nest solid) 731. 820. 1062. 1248. 1408. 1447. 2864. 2920. 2955: 
8h(400 MHz, CDCb) 0.50-1.60 (m. CHa+CHa). 6.40-7,00 (bnn. ArH). 7.40-8.10 (brm. 
ArH): 6c(12S MHz, CDCI3) 11.2. 14.1. 22.6, 24.6, 31.4, 33.1, 121^, 128.0, 131.6, 138.8, 
139.9. 147.2; 8di(100 MHz, CDCb) 3.07. 
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Potymef exampls 2; A copolymer according to the invention was prepared by Suzuki 
polymerisation as displosed In WO 00/53656 with a dlboronlc add of dl(n-he)qrl)fluorena 
followed by end-capping with bromobenzena and phenyl boronicadd to afford Polymer 
PS6F6 as shown below: 




Polymer P86F8 



Pely(e,e-<lihexyl-2.7-fluorenyI-0^.9«dlhexyl4.7-8ltafluerenyl) 




To a dried Schlenk tube was added g,9.dlhexy|.2.7<llbromo.9H-9-dlbenzosila!e (84 mg. 
0.17 mmol, 1.0 equlv.), 2.7-bl8(4AB.5-tetrBmethyl-1A2-dloxaborolane-2-yl)-9.9- 
dlhexyffluorene (87 mg, 0.17 mmol, 1.0 equlv.). palladlum(ll) acetate (1.0 mg, 45 /mioI. 
2.7 %)andtricydohexylphosphine (5 mg, 178 pmol. 10.7 %) under nitrogen atmosphere. 
Dry toluene (2.6 om«) was added and the mbtture was stirred at 90 'C for 5 mln. 20% 
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w/w Tetraelhylammonljm hydroxide aqueous solution (1.0 cm®) was then added. After 1 
hour, the rribrture became veo' viacous and additional dry toluene (1.0 cm®) was added. 
The mixture was stirred for a further 1 h. To the mixture was tlien added phenyiboronio 
add (20.3 mg, 17 mmol, 1.0 equiv.), and after stirring for 1 h. bromobenzene (28.1 mg, 
17 mmol, 1 .0 etptW.) was added. After stirring for a further 1 h, the mbdure was cooled to 
room temperature and poured into stirring methanol (30 cm"). The precipitate was 
dissolved in toluene (10 cm') and repreolpltated In stirring methanol (60 cm^). The 
precipitated product vi^s filtered and then difed In vacuo to yield the tide compound (100 
mg, S3 %) ae a pale grayish green solid: GPC assay in CHCh vs. nanvw polystyrene 
standards revealed /UU = 4.24 x 10». Af„ s 1 .09 x 10^. Mp « 4.S6 x 10*. PDI = 4.55; v™„ f 
CtrT (Neat solid) 734, 815. 1064, 1252, 1376. 1426. 14S2, 2854. 2923. 28S4: 5h(500 
IWlHz. CDCii) 0.74-0.89 (m. CHa+CWs). 1.00-1.20 (m. CHO. 1.20-1.55 (m, CHa). 2.10 
(bra. CCHa). 7.50-8.00 (m, ArH); Bc(125 MHz, CDCIa) 12.4. 14.0, 14.1, 22.56, 22.5d, 
23.8, 24.0, 2B.7, 31.4, 31.5, 33.1, 40.4. 55.3. 120.0. 121.2, 121.4, 125.3, 12B.2. 129.2. 
131.9, 138.9, 140.1 (2 Signals). 140.3. 147.1, 151.7: 6ai(100 iVlHz. CDCl,) 3.02. 
Davioa Bfamnltt 

General method! Onto Indium tin Qodde supported on a glass substiate (available from 
Applted Rims. Colorado. USA) was deposited a layer of PEDT / PSS, available from H C 
Sterok of Leverkusen, Genmany as Baytran P ®, by spin coating. A l^er of 
electroluminescent polymer was deposited over the reDT / PSS layer by spin-coating 
from xylene solution. Onto the layer of electroluminescent polymer was deposited by 
evaporation a cathode consisting of a first layer of calcium and a aaoond, capping layer 
of aluminium. 

Devices according to the Invention were made according to the above method using 
Polymer PS6 and Polymer PS6F6. 

For the purpose of comparison, a device was made according to the above method 
comprising a layer of poiy-9,9-di(n-hdxyl>-2,7-fiuor8ne (hereinafter referred to as 
Polymer PF6). 

As can be seen from the table below, the P8B homopoiymeracoording to the invention 
has a deeper LUIMO level. I.e. it has a higher electron affinity, than the corresponding 
polyfluorene homopotymer PF8. At the same time, a wide HOMO-LUMO bandgap 
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Similar to that of PF6 Is preserved. Furthermore, data fbr the PF6S6 polymer shows that 
a deep LUMO level is preserved when the dibenzositote units of the invention are 
conjugated with units having a shallower LUMO level. 



Poiymens 








LUMO (eV)* 


PFe 


1.41 


2.B3 


-6.B4 


-2.91 


PF65B 


148 


2.82 


-S.91 


-2.99 


pse 


1.52 


2.93 


-5.95 


■ 3.02 



■Oxidative onset potential. . ^ . n ivvia> 

" Determined from adding to the HOMO energy level. 

As can be seen from Figure 2(a). photolumlnescence of the prior art FFB polymer suftera 
from ve.y significant colour shift over time towards the red end of the vieible spedmm. 
incorporation of dlbenzoallole repeat unite into the PFG polymer, aa shown In FIflure 
2(b). results in a very significant roduotlon In this colour shift, and colour shiftlbr the se 
homopolymer, as shown In Figure 2(c), Is negllalbte. 

AS can be seen from RgutB 3. devlcea comprising P8B or PSBFB gh» suatalnad blue 
emission with emission maxima being identical to that of photolumlnascenoo at 426 nm. 
The PPa device on the Other hand degi^ded veiy rapidly under current and showed a 
gieen emission upon cperaUon, displaying a broad peak at about 540 nm. 

B) 3,e4lnkBd dibaittoallote monomars and repeat units 

A monomer acconJing to the ninth aspect of the Invention was synthasiaad ac««t«ng to 
the following raac«on scheme. Again, as wHh the 2.74inKed ^"-^^^^^^^^^ 
above, transalkylatlon of the dimethylsllyl group (step e)doe9 not affeot the WmathyialM 
end groups and so this route again provides a means for IntrtKludng a wide range of 
substituente on the silicon atom. 
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Scheme Synthesis of dibenzosilole manomsrs: a) n-BuLl, THF', -78 "C to rt, 24 h. 88 %; 
b) b. NalO*. cone. H2SO4, AcOH. AcaO. 24 h, 40 %; C) /t-BuLI, TMSCI, -7S "C to rt, 24 h, 
84 %; d) 0) t-BuLI. -78 to rt, 24 h (II) SIMoaCb. -78 *C to rt. 24 h. B1 %; e) n-HexLI. -78 
'C, 15 min. 95 %: f) ICI, DCM, r.t., 1 h. 90 %; g) f-BuLi, 2-i8opropoxy-4,4',5,5*- 
tstramethyl-1,3.2-dloxaboralane, -78 "C to rt, 24 h. 
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Pdy(9,8Klih8)cyl-2 J-fluorQnyl'^/^9,B<JihexyI-3.B-<iibertt (PdymBr A) was prepared 
according to the following method: 




Polymer A 



Sdhdme a) (I) P(0Ac)2i P(Cy)3, Et4NOH, Toluene. M 'C, 24 h (B) phenylboronic acid. 2 h 
(ill) bromobenzene, 2 h, 51 %. 

For the purpose of compartson. the 2,7-Ilnked polymer poly(9,9-dlhexyl-2.7-fluorenyl-aff- 
9,9-dlhexyl-2,7-dlb8n20sllyl) (Polymer B) was prepared. 




Polymer B 



Scheme a) (I) P(OAc)a. P(Cy)a. Et4N0H. Toluene, BO 'C, 24 h (II) phenylboronic add, 
h (111) bromobenzene. 2 h, 90 %. 
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UV-Vis absorption spectra 



The table below ehowe the absorption maxima and optical band gaps of the copolymers. 
The solution UV-Vis absorption spectra of the copolymers were measured In hexana. 





Attte (nm)" 




£,'^ 


(oV. nm)" 


Polymer 


solution 


film 


solution 


fDm 


Pi=e 


394 


390 


2.98 <416) 


2.93 (423) 


Polymer A 


332 


334 


3.30 <976) 


3.23 (383) 


Polymer B 


400 


394 


2.B7 (432) 


2^2 (425) 



^ Optk09l band gap. <eV) s 1240 / absorption edge (nm). 
Band gaps of Ihe palymera, measured from ttia UV absorption onaeta. 



As oan be seen from the table, Polymer A comprising a 3,7-llnked dtbanzosilola 
according to the eighth aspaet of the Invention Is significantly blue shifted and has a 
wider bandgap as compared to the 2|7-linkBd poly-dibenzosRole Polymer B and the 2,7- 
ilnl^ed polyfluorene PFB. 

Cyclic Voltammetry 

The fiJmd of thd oopolymdrd wara prepared by spin-coating the samples (1.0 wt% 
solution in toluene) on the gold working electirode. Measurements were then taken In a 
solution of BU4N^CI04' (0.10 IVI) In acetonltrile at a scan rate of 50 mV/s at room 
temperature, using a platinum wire as the counter electrode and a Ag/AgCI electrode as 
the reference electrode. Both measurements were calibrated against ferrocene which 
has an ionization potential or4.B eV. 



As can be seen fi'om the table balowi the 3.6-ilnked poly-dibenzoallola of Polymer A 
according to the eiglith aspect of the invention has a wider HOMO-LUMO bandgap as 
compared to 2,7-llnked Polymer A. 



Poiymere 






HOMO (eV)' 


LUMO (eVy* 


Polymer A 


1.67 


3.23 


-6.00 


-2.77 


Polymer B 


1.4S 


2.92 


-6,91 


-2.99 
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I^y MHO/ MH I 



■Oxidative onset poterttial. . 

* OpticBl band g&p enorgy determined by tho onset absorption (UV-VI&). 

* Determined from E^m^^ {taking energy leva! of Terrocene to ba-4.a eV undeir vacyum). 
" Determined from adding B,'"^ to the HOMO energy level. 

Although the present inversion has beer^ descrllwd in terms of spedfle exemplary 
embodlmerrts, It will be appreciated thai various modlflcatlone, alteraHons and / or 
oomblnatlone of fteatures disdoaed herein will be apparent to tiioae skilled in the art 
without departing from the spirit and ecope of the Invention as set forth In the following 
claims. 
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Clalma 

1 > A polymer comprising an opUonaily eubelltuted repaat unH of formula (I): 




wherein each R le the same or different and represents H or an electron 
witiidrawing group; and each Is the eame or different and represents a 
substituent. 

2) A polyinar apcordlng to claim 1 wherein at least one is a solublUsIng group. 

3) A polymer according to claim 1 or 2 wherein each R*^ is the same or different and 
is Independently selected from the group consisting of optionally substituted 
alkyl. Ci^alkoxy» aryl and heteroajyL 

4) A polymer according to any preceding claim comprising an optionally substituted 
aryl or heteroaryl second repeat unit 

6) A monomer comprising a repeat unit of fomiula 

(II) 

wnerein r and are as defined in any one of claims 1-3 and each X 
Independently represents a polymerlsable group. 

6) A monomer according to claim 5 wherein each X is the same or different end Is 
selected from the group consisting of boronic acid groups, boronio ester groups^ 
borane groups and hallde functional groups. 
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7) A meftod of forming a polymer oomprtelns the step of polymBrlelng a monomer 
according to tialm 5 or 0. 

8) A method according to daim 7 wherein each X Is the same or different and Is a 
halidd functional group, and the polymerisation is performed In the presence of a 
nickel complex catalyst 

9} A method according to claim 7 comprising the step of potymerblng: 

(a) a monomer of formula (II) wherein each X is a boron ttia same or 
drtferent and is e boron derivative functional group selected from a 
boronlo add, a boronic aster and a borane, and an aromatic monomer 
having at least two reactive haiide functional groups; or 

(b) a monomer of formula (11) wherein each X Is the same or different and 
Is a reactive hallde functional group, and an aromattc monomer having at 
least two boron derivative funoUonai group selected from a borenic add, a 
boronic ester and a borane; or 

(0) a monomer of fomnula (il) wherelrt one X Is a reactive halide functional 
group and tfie other X la a boron derivative functional group seleoted fnom 
a boronic acid, a boronic ester and a borane, 
wherein the reaction mixture oomprises a catalytic amount of a palladium catalyst 
suitable Itor catalysing the polymerisation of the aromatic monomers, and a base 
In an amount auffident to convert tha boron derivative functional groups Into 
boronate anionic groups. 

1 0) An optical devrtce oomprleino a polymer according to any one of olalme 1-4. 

11) An optical device according to claim 10 comprising an anode, a cathode and a 
layer of the polymer according any one of dalms 1-4 located between the anode 
and the cathode. 

1 2) An optical device aocordlng to daim 1 1 that is an electroluminescent device. 

1 3) A switching device oompflslng a polymer according to any one of claims 1-4. 

14) A switching device aooordlng to dalm 13 that Is a thin film translator. 
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15} An optionally substitutsd compound of formula (IV): 




<IV) 

wherein R is as defined In any one of claims 1-3; each X** and e^ch are the 
same or different and represent a leaving group capable of participating |n a 
transmatallatlon reaction and X^ has an electronegativity less man that of X\ 

16) Prefereblyp each and is independently a halogen. 

1 7) A method of Ibrming « rnonomer of formula (VI) from a compound of formula (V) 
according to the fbllowing scheme:: 




(V) (Vi) 

wherein the method comprlaas reacting the compound of formula (V) with a 
transmetairating agent followed by reaction with a compound of fomiula LO-Y- 
LQ, wherein and R are as defined in claim 16; each is the same or different 
and represents a leaving group capable of participating in a transmatallatlon 
having an electronegativity less than or the same aa that of X"^; Y represents a 
divalent residue comprising a bacldidne of 1-3 atoms; and each LO Is the same 
or different and repreeenfa^ a leaving group. 

18) A method according to claim 17 wherein Y comprises a aingie atom In Its 
backbone selected from the group conslatlng of -CF^ri -SIRVf -NR^-, -PR\ - 
GeRV. -SnRV. O and S. wherein R^ is selected fram the group consisting of 
optionally substituted all<yl, alkoxyp aryi and heteroaryi. 
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19) A method according to claim 17 or 16 wherein each te th© same or different 
and hae an electronegativity leas than that of X\ 

20) A mettiod according to any ona of dalma 17-19 wherein each LG Is the aame or 
different and te a halogen. 

21) A method according to any one of claims 17-20 wherein the transmetallailng 
agent Is a compound of formula R»-M wherein Is alkyi or aryl and M Is a metal. 
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Figure 1 
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Figure 2a (prior art) 
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Figure 2c 
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